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Problems for automated vehicle
sensors and positioning

› Snow

› Ice

› Heavy rain

› Sand

› Dust

› Fog

› Norther latitudes

› Aurora Borealis

Pictures: Wikimedia Commons, Risto Kulmala and Norwegian Public 
Road Administration



Background

Advance of road transport automation
development and possibilities in Finland and 
internationally

Road Transport Automation Road Map and 
Action Plan 2016–2020

Study of road transport automation and 
intelligent infrastructure in north arctic
conditions

https://julkaisut.vayla.fi/pdf8/lts_2016-19eng_road_transport_web.pdf
https://julkaisut.vayla.fi/pdf8/lts_2016-19eng_road_transport_web.pdf


Finnish NordicWay2 projects

› NordicWay2 pilots 2017-2020

› Aim to enhance road transport 
safety and flow

› C-ITS pilot: C-ITS Day 1 and 1.5 
messages and European 
interoperability (C-Roads)

› Arctic Challenge: support 
infrastructure readiness for connected 
and automated driving

› NordicWay2 budget 18,9 M€

› Finnish budget 5,6 M€, which of 
Arctic Challenge 3,5 M€ 

› European Commission EU CEF funded
50 %



Finnish pilot 1 – The Arctic Challenge: 
Automated driving in snowy and icy arctic 
conditions
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› Objective: infrastructure for CAD 

in arctic conditions: landmarks, 

positioning, hybrid C-ITS and 

vehicle remote control using 

cellular

› Location: E8 (road 21) Aurora-

Borealis corridor and 10 km test 

section for automation

› Budget: 3,5 million euros



Arctic Challenge studies
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1.Posts and poles for guidance and positioning: What landmarks, such as delineators 

and reflective posts, or snow poles and plot access marks, support automated driving?  Where 

should these be located? What should they be like?

2.C-ITS hybrid communication: How could the C-ITS Day 1 hybrid services improving 

traffic flow and safety be implemented on the main road 21 and Highway E8 Aurora Borealis 

Corridor between Kolari, Finland and Tromso, Norway, and what is their technical operability? 

What Day 1 services should be implemented in the Aurora Borealis Corridor?

3.Communication infrastructure and remote driving: How does the remote control 

and monitoring of vehicles work in 4G and in the first stage of the 5G network in good/poor 

weather and road conditions? What minimum requirements should the communications network 

meet to enable remote control of automated vehicles?

4.Positioning of vehicle: In what way and how accurately could a vehicle be positioned to 

fulfil the needs of automated driving at northern latitudes where no edge markings or roads can 

be recognised?  How can different methods be applied to special locations and situations, such 

as blind spots or glare?



Three Arctic Challenge coalitions – 15 companies
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› Lapland university of Applied Sciences and Roadscanners

› Sensible 4, Metropolia Ammattikorkeakoulu, Finnish Meteorological Institute, Sharpeye

Systems, MHR Consulting, F-Secure, Solidpotato and Nodeon

› VTT Technical Research Centre of Finland, Infotripla, Indagon and Dynniq



Test fests
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Test fest 1 Test fest 2 Test fest 3

15.-19.
January

2018

1.-5.
October 

2018

March, 
April and
June 2019

Studies:

1.Posts and poles for guidance 

and positioning

2.C-ITS hybrid communication 

– Safety Related Traffic 

Information

3.Communication 

infrastructure

4.Positioning of vehicle



Material: Chris Händel, Roadscanners, 
chris.handel@roadscanners.com

1. Posts and poles 
for guidance and 
positioning: passive
What landmarks, such as delineators 
and reflective posts, or snow poles and 
plot access marks, support automated 
driving?  Where should these be 
located? What should they be like?
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› Influence of Human presence & test field

background

› Typical reflector test (reflectors & angle)

› The influence of Snow on radar reflector

› Test field background without reflector poles

› Test filed with reflectors (80 km/h)

› Influence of the driving speed on positioning

› Other vehicles on the test field

› Influence of Blowing snow

Summary of the posts and poles
field tests
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1. Posts and poles 
for guidance and 
positioning: active
What landmarks, such as delineators 
and reflective posts, or snow poles and 
plot access marks, support automated 
driving?  Where should these be 
located? What should they be like?

Material: Pasi Ikonen, SharpeyeSystems, 
pasi.ikonen@sharpeyesystems.com
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2. C-ITS hybrid 
communication
How could the C-ITS Day 1 hybrid services 
improving traffic flow and safety be 
implemented on the main road 21 and 
Highway E8 Aurora Borealis Corridor 
between Kolari, Finland and Tromso, 
Norway, and what is their technical 
operability? What Day 1 services should be 
implemented in the Aurora Borealis 
Corridor?

Material: Risto Öörni, VTT, risto.oorni@vtt.fi
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› Day 1 messages

› Stationary vehicle

› Road Works Warning

› Slippery road

› Animal on the road

› Communication technologies

› ITS-G5

› LTE

› Pre-5G

› Automated vehicle verification

Day 1 –messages and 
communications technologies

Photos: Risto Öörni and Matti Kutila 
and Lasse Nykänen



30/03/2020VTT – beyond the obvious

› [teksti]

Testfest 2 environment

Figure (architecture testfest 2): members of the
VTT consortium
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› Hybrid communication solution of ITS-G5 and LTE 

radio communication technologies used for 

communication of four Day 1 messages of 

stationary vehicle, animal on the road, slippery 

road and roadworks warnings, are functional under 

arctic conditions.

› Transmission of C-ITS messages between several 

operators is a prerequisite for the implementation 

of an efficient, internationally compatible system.

› The ETSI ITS-G5 provides better stability but lower 

coverage than commercial cellular LTE.

› Latency measures difficult due to low N and logging 

time sync difficulties 

Conclusions



3. Communication 
infrastructure and 
remote driving
How does the remote control and 
monitoring of vehicles work in 4G and in 
the first stage of the 5G network in 
good/poor weather and road conditions? 
What minimum requirements should the 
communications network meet to enable 
remote control of automated vehicles?

Material: Jussi Suomela, Sensible 4, 
jussi.suomela@sensible4.fi
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› Automated driving is not always 

feasible in all conditions.

› In worst-case scenarios, remote 

control intervention by human 

operator is required as fail-safe 

strategy.

› This requires dependable 

network for communications 

between vehicle and remote 

operator.

› In rural location and extreme 

weather environment this is 

much more a necessity.

Remote control and experiment
overview

› Part 1: Remote Control-

Based Obstacle 

Avoidance Takeover by 

Remote Operator (4G / 

LTE)

› Part 2: 5G Network 

Analysis in Extreme 

Weather Environment 
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Experimental setup and results
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4. Positioning of 
vehicle

In what way and how accurately could a 
vehicle be positioned to fulfil the needs 
of automated driving at northern 
latitudes where no edge markings or 
roads can be recognised?  How can 
different methods be applied to special 
locations and situations, such as blind 
spots or glare?

Material: Umar Zakir Abdul Hamid, Sensible 4, 
umar.hamid@sensible4.fi
Juha Hyyppä, Solid Potato



Tested techniques

› Simultaneous Location and Mapping 

SLAM (relative positioning)

› Low-end laser scanner as positioning 

device (Velodyne VLP-16)

› Pointcloud-to-pointcloud matching 

(HD) (absolute positioning)

› Detailed high-accuracy pointcloud as 

HD map (high-end mobile laser 

scanner)

High-end 
MLSSLAM
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› Typical accuracy for vehicle positioning was 20-30 cm 
based on our integrated SLAM and HD map matching 
approach (5 sec data), which was implemented to give an 
upper bound error for autonomous vehicle localization, varied 
between 5 and 50 cm mainly based on the availability of the 
number of features in the surrounding. 

› Consequently, the increase of the number of objects feasible 
for point cloud matching, such as the snow sticks used to 
guide the snow plough, are a good way to improve the 
positional accuracy of autonomous cars in an easy manner.

› Rock cuts provided best results (even when collected during 
winter in consecutive days)

› In reality, SLAM+IMU+GNSS+HD+other techniques are 
integrated taking into account

Outcomes
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Final report link: 

https://julkaisut.vayla.fi/pdf12/vt_201

9-19_arctic_challenge_web.pdf

Thank you!
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https://julkaisut.vayla.fi/pdf12/vt_2019-19_arctic_challenge_web.pdf

